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Abstract
AIM      To investigate the morphological and
ultrastructural changes in the human gastric
carcinoma cell line BGC-823 after being treated
with tachyplesin.
METHODS   Tachyplesin was isolated from acid
extracts of Chinese horseshoe crab (Tachypleus
tridentatus) hemocytes. BGC-823 cells and the
cells treated with 2.0mg/L tachyplesin were
examined respectively under light microscope,
scanning and transmission electron microscope.
RESULTS   BGC-823 cells had undergone the
restorational alteration in morphology and
ultrastructure after tachyplesin treatment. The
changes were as follows: the shape of cells was
unanimous, the volume enlarged and cells
turned  to  be  flat  and  spread,  the  nucleo-
cytoplasmic ratio lessened and nuclear shape
became rather regular, the number of nucleolus
reduced  and  its  volume  lessened,  heter-
chromatin decreased while euchromatin
increased  in  nucleus.  In  the  cytoplasm,
mitochondria grew in number with consistent
structure relatively, Golgi complex turned to be
typical and well-developed, rough endopl asmic
reticulum  increased  and  polyribosome
decreased.  The  microvilli  at  cellular  surface
were  rare  and  the  filopodia  reduced  while
lamellipodia increased at the cell edge.
CONCLUSION    Tachyplesin could alter the
malignant morphological and ultrastructural
characteristics of human gastric carcinoma cells
effectively and have a certain inducing differen-
tiation effect on human gastric carcinoma cells.
INTRODUCTION
Horseshoe crab, a kind of marine animals, is a “live
fossil”  which  has  an  unique  status  in  evolution.  It
has many bioactive substances with special functions
due  to  its  primitive  character.  In  recent  years,
many   bioactive   substances,   including   clotting
factors,    protease    inhibitors,    antibacterial
substances,  lectins  and  others,  have  been  found  in
the  hemocytes  and  hemolymph  plasma  of  horseshoe
crab[1]. To seek the low molecular weight antitumor
substances which can intervene in cellular signal
transduction and regulate cell proliferation and
differentiation[2],  we  have  isolated  and  purified  a
small  polypeptide—tachyplesin  from  the  blue  blood
of Chinese horseshoe crab (Tachypleus tridentatus)
and  appraised  its  antitumor  activities[3].  Then  we
have   investigated   the   biological   effects   of
tachypelsin  on  tumor  cells  systematically  with  the
model  system  of  human  gastric  carcinoma  cell  line
BGC-823.  This  paper  deals  with  the  effects  of
tachyplesin on the morphology and ultrastructure of
human  gastric  carcinoma  cells  by  light  microscopy
and scanning and transmission electron microscopy.
MATERIALS AND METHODS
Tachyplesin isolation
Tachyplesin  was  isolated  from  acid  extracts  of
hemocyte  debris  of  Chinese  horseshoe  crab  as
described by Nakamura[4]with minor modification.
Cell culture and treatment
BGC-823 cells were cultured in RPMI-1640
supplemented with 20% heat-inactivat ed fetal calf
serum,     100 units/mL     penicillin,     100 mg/L
streptomycin  and  50mg/L  kanamycin  at  37 ,  5%
CO2  in  air.  Then  the  cells  were  treated  with  the
culture   medium   containing   2.0 mg/L   tachyplesin
after  being seeded for 24 hours.
Sample preparation for the light microscopy
BGC-823 cells and the cells treated with 2.0mg/L
tachyplesin  were  seeded  in  little  penicillin  bottles
with  cover  slip  strip,  and  grown  in  the  normal
culture  medium  or  in  the  culture  medium  containing
2.0mg/L     tachyplesin     at     37      in     5%     CO2
atmosphere  for  72 hours  respectively.  The  cells  at
cover slip strips were rinsed with D-Hank’s solution
twice  at  37 ,  fixed  overnight  in  Bouin-Hollande
fixative,   stained   with   Hematoxylin-Eosin,   and
observed under light microscope.
Sample preparation for scanning electron
microscopy
BGC-823  cells  culture  and  tachyplesin  treatment
were   performed   as   the   procedures   for   light
microscopy.  The  cells  at  cover  slip  strips  were
rinsed  with  D-Hank’s  solution  twice  at  37 , fixed in
2.5% glutaraldehyde for 2 hours and in 1% osmian
tetroxide  for  1 hour,  dehydrated  in  ethanol,  dried
through the CO2 critical point, gilded in vacuum and
observed   under   the   HITIACHS-520   scanning
electron microscope.
Sample preparation for transmission electron
microscopy
BGC-823  cells  and  the  cells  treated  with  2.0mg/L
tac hyplesin  were  rinsed  with  D-Hank’s  solution
twice,   shaved   into   centrifuge   tube   with   plastic
scraper,  followed  by  centrifugation  at  2000rpm  for
15min,   and   removed   the   supernatant.   The
precipitate  was  prefixed  in  2.5%  glutaraldehy  de  for
2h and postfixed in 1% osmian tetroxide for 2h,
dehydrated  in  ethanol  series,  embedded  in  epoxy
resin  618,  stained  with  lead  citrate  and  uranyl
acetate,  and  observed  under  the  JEM-100CXII
transmission electron microscope.
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Plate I
Figure 1   BGC-823 cells. ×300
Figure 2   BGC-823 cells treated with tachyplesin. ×300
Figure 3   There are abundant microvilli on spherical cell surface and many filopodia emerge at the edge of BGC-823 cells. ×6000
Figure 4   The microvilli on spherical cell surface disappear mainly in the cells after tachyplesin treatment. ×6000
Figure 5   The microvilli are plentiful on flat and spread cell surface and many filopodia appear at the edge of BGC-823 cells. ×4800
Figure 6   On the cells treated with tachyplsin the microvilli are rare, shrink and shortened on flat and spread cell surface and large lame
llipodia emerge at cell edge. ×4200
RESULTS
Light microscopic observation
There were various forms in BGC-823 cells, such as
epithelioid,    round,    shuttle -like    and    irregular
shapes,  as  well  as  cancerous  giant  cells  and  soon.
The volume of BGC-823 cells was small relatively,
nucleus  was  large  and  irregular  with  several  nucleoli
in  it,  and  cytoplasm  was  few  (PlateI,  Figure  1).
After   being   treated   with   2.0mg/L   tachyplesin,
BGC-823   cells   had   undergone   a   significant
morphological  change  and  appeared  as  normal
differentiated epithelial cells. The cells tended to be
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Plate II
Figure 1  The nucleo-cytoplasm ratio is large, the shape of nucleus (N) is irregular and only a few organelle in cytoplasm of BGC-823 cells
(Nu nucleolus, M mitochordria, ER endoplasmic reticulum). ×9600
Figure 2  The shape and structure of mitochondria (M) is non-typical and endoplasmic reticulum (ER) decrease in BGC-823 cells. ×40500
Figure 3  The  cellular  volume enlarge,  the  nucleo-cytoplasm ratio  decreases and  the  organelle  increase  in  the  cells  treated  with
tachyplesin. ×10720
Figure 4   The shape and structure of mitochondria (M) are una nimity relatively and their cristae increase and arrange rather regularly in
the cells treated with tachyplsin. ×21000
Figure 5  The structure of Golgi complex (G) appear typical and well-developed in the cells treated with tachyplsin. ×48000
spread and flat apparently, their volume enlarged,
cytoplasm was abundant, nucleus became relatively
smaller   with   its   shape   rather   regular,   and   the
number  of  nucleoli  was  fewer.  This  feature  was
different  from  that  of  BGC-823  cells  remarkably
(PlateI, Figure 2).
Scanning electron microscopic observation
Under  the  scanning  electron  microscope,  BGC-823
cells  presented  on  spherical,  shuttle-like  and   flat
and  spread  shape.  There  were  abundant  microvilli
at the surface of each type of cells. Microvilli were
distributed  densely  at  the  surface  of  spherical  cells
while densely  at  the  center  and  scattered  at the edge
of  spread  cells.  Filopodia  were  abundant  and
arranged   radiately,   especially   at   the   edge   of
spherical  cells  while  there  were  relatively  few
filopodia  and  a  little  lamellipodia  at  the  edge  of
spread  cells  (PlateI,  Figures  3, 5).  In  contrast,  the
BGC-823 cells, after being treated with 2.0mg/L
tachyplesin,   also   appeared   in   spherical,   shuttled-
like  and  flat  and  spread  shapes,  while  the  spread
cells  grew  in  number  and  spherical  cells  reduced.
The  cellular  surface  appeared  rather  smooth  with  a
few   small   bubble   and   ruffled   structure.   The
filopodia at cellular edge lessened and lamellipodia
increased,   especially   large   lamellipodia   could   be
seen  at  the  edge  of  flat  and  in  spread  cells.  This
surface feature was obviously different from that of
BGC-823 cell (PlateI, Figures 4,6).
Transmission electron microscopic observation
It  was  revealed  by  transmission  electron  microscope
that  the  necleo-cytoplasmic  ratio  of  BGC-823  cells
was  relatively  large,  nucleus  was  irregular,  many
heterochromatins  in  the  nucleus  and  nucleolus  were
large,  varied  in  shape  and  with  some  nucleolus
vacuoles.  Meanwhile,  rough  endoplasmic  reticulum
was  not  well-developed,  Golgi  vesicle  was  few,
arranged  irregularly  and  Golgi  cisterna  swelled
obviously,  mitochondria  were  irregular  and  cristae
within   mitochondria   arranged   irregularly,
polyribosome  were  abundant  while  free  ribosome
were   few   (PlateII,   Figures  1, 2).   However,   after
2.0mg/L   tachyplesin   treatment,   the   ultrastructure
of BGC-823 cells had also undergone a significant
change. The necleo-cytoplasmic ratio lessened, the
nuclear  shape  became  regular,  most  being  round  or
oval, heterochromatin in nucleus decreased while
euchromatin  increased,  the  volume  of  nucleolus
lessened,  rough  endoplasmic  reticulum  increased
obviously,  Golgi  apparatus  was  well-developed  and
Golgi  vesicle  increased  and  arranged  regularly,  most
of mitochondria were oval, and their cristae grew in
number   and   arranged   regularly,   polyribosome
reduced  while  free  ribosome  increased  (PlateII,
Figures  3-5).  BGC-823  cells  showed  some
ultrastructural    characteristics    of    their    normal
relevant cells after being treated with tachyplesin.
DISCUSSION
There was significant difference in morphology and
ultrastructure between tumor cells and their relevant
normal  cells.  Tumor  cells  usually  display  some
malignant   morphological   and   ultrastructural
characteristics  such  as  that  the  nucleo-cytoplasmic
ratio was relatively large, nucleus was large and
malformed  with  several  nucleoi  in  it,  cell  organelle
were   not   well-developed   and   microvilli   were
abundant[5]. Therefore, to observe and identify the
changes  of  morphology  and  ultrastructure  in  tumor
cells  is  important  in  determining  the  effects  of
exotic    substances    especially    differentiational
inducers  on  tumor  cells[6].  A  series  of  research  in
which    differentiation    of    gastric    carcinoma,
leukemia, hepatoma and lung carcinoma cells were
induced  by  chemical  inducers,  have  made  it  clear
that  the  morphology  and  ultrastructure  of  carcinoma
cells   after   induced   treatment   engendered   a
restorative   alteration   similar   to   those   of   relevant
normal cells[7-11].
        BGC-823 cell is a poorly-differentiated human
gastric   adenocarcinoma   cell   line   with   fast-
proliferation    and    high-malignant    characteristics.
Our  results  showed  that  BGC-823  cells  had  the
typical  malignant  phenotypical  characteristics  of
morphology   and   ultrastructure   in   tumor   cells.
However,  in  the  BGC-823  cells  after  treatment  with
2.0mg/L  tachyplesin,  it  displayed  the  changes  as
follows:  the  cells  were  unanimous  and  tended  to  be
spread  and  became  flat  apparently,  the  volume  of
cells    enlarged,    epithelioid-like    cells    grew   in
number,  the  necleo-cytoplasmic  ratio  declined,  the
shape  of  nucleus  became  relatively  regular,  the
volume   and   number   of   nucleolus   decreased,
heterochromatin   decreased   while   euchromatin
increased,  mitochondria  and  their  cristae  increased,
Golgi   complex   was   well-developed   and   typical,
rough     endoplasmic     reticulum     increased,
polyribosome   decreased   while   free   ribosome
increased, microvilli and filopodia decreased while
lamellipodia   increased.   These   changes   were
different  from the morphology and ultrastruct ure of
BGC-823 cells and similar to those of their relevant
normal   cells.   It   in    dicated   that   tachyplesin   could
alter the malignant phenotypical characteristics of
morphology   and   ultrastructure   in   gastric   carcinoma
cells and make them take on the morphological and
ultrastructural   characteristics   similar   to   those   of
their normal cells.
          The action of tachyplesin is identical with those
of  chemical   inducers   on   gastric  carcinoma  cells. It
was  reported  that  the  human  gastric  carcinoma  cell
line  SGC-7901  treated  with  sodium  butyrate[12],
hexamethylemene bisacetam ide (HMBA)[13] and all-
trans  retinoic  acid[14,15]. The  shape  of  cell  was
rather  regular  and  consistant,  the  nuclear  shape
became  round  and  nucleolus  shrank,  the  nucleo-
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cytoplasmic   ratio   lessened   and   hetrochromatin
reduced,  and   the  organelle  were  well-developed,
and   microvilli   at   cell   surface   decrease.   These
changes  were  unanimous  with  the  changes  of
tachyplesin  on  gastric  carcinoma  cells  in  this  paper.
It  further  demonstrates  that  tachyplesin  has  the
identical  action  with  differential  inducers  of  cancer
cells,   and   it   has   a   certain   inducing   differential
effect  on  human  gastric  carcinoma  cells.  In  this
connection, it has a momentous significance for
application  of  tachyplesin  in  tumor  treatment  and  in
the   antitumor   research   of   marine   bioactive
substance   to   study   the   acting   mechanism   of
tachyplesin on tumor cells further.
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